A novel plasmid-based adenovirus vector system that enables manufacturing of replication-incompetent (⌬E1) adenovirus type 11 (Ad11)-based vectors is described. Ad11 vectors are produced on PER.C6/55K cells yielding high-titer vector batches after purification. Ad11 seroprevalence proves to be significantly lower than that of Ad5, and neutralizing antibody titers against Ad11 are low. Ad11 seroprevalence among human immunodeficiency virus-positive (HIV ؉ ) individuals is as low as that among HIV ؊ individuals, independent of the level of immune suppression. The low level of coinciding seroprevalence between Ad11 and Ad35 in addition to a lack of correlation between high neutralizing antibody titers towards either adenovirus strongly suggest that the limited humoral cross-reactive immunity between these two highly related B viruses appears not to preclude the use of both vectors in the same individual. Ad11 transduces primary cells including smooth muscle cells, synoviocytes, and dendritic cells and cardiovascular tissues with higher efficiency than Ad5. Ad11 and Ad35 appear to have a similar tropism as judged by green fluorescent protein expression levels determined by using a panel of cancer cell lines. In addition, Ad5 preimmunization did not significantly affect Ad11-mediated transduction in C57BL/6 mice. We therefore conclude that the Ad11-based vector represents a novel and useful candidate gene transfer vehicle for vaccination and gene therapy.
Adenovirus vectors are being developed for gene therapy purposes with the aim to treat inherited or acquired disease (6, 10, 15, 21) as well as for therapeutic and prophylactic vaccination strategies (5, 32) . The use of adenovirus for vaccination has recently been fueled by highly promising results demonstrating protection against viruses and viral diseases in rodents and nonhuman primates (28, 34, 35) as well as induction of Tand B-cell responses in humans in early phase I vaccine trials with healthy volunteers (7) . However, high seroprevalence and high neutralizing antibody (NAb) titers against the commonly used vectors, i.e., adenovirus type 5 (Ad5) and Ad2 (39) , hamper the application of C group-based vectors, since circulating NAbs efficiently capture administered recombinant vectors obscuring therapeutic effect (19) . It has been shown, at least in rodents (1, 42) , nonhuman primates (3), and humans in early phase I clinical trials (7) , that high levels of NAbs decrease gene transfer efficiency or blunt vaccine potency. Since levels of NAbs vary among individuals, overdosing with recombinant vector in an attempt to overcome the neutralizing activity may result in either excellent clinical results or severe vector-mediated toxicity. Thus, the presence of anti-Ad5 preexisting immunity does not allow accurate dose control and thereby may prevent the universal use of Ad5-based vectors as gene transfer vehicles in humans.
Although many strategies are being pursued to avoid vector neutralization (3, 5, 19, 23, 41, 43) , a most viable strategy is the use of rare human adenovirus types (25, 39) . Vogels et al. identified subgroup B2 adenoviruses, i.e., Ad35 and Ad11, as types least neutralized by serum from healthy human blood donors and generated an Ad35 vector-manufacturing system (39) . Here, we present a novel, Ad11 vector-based manufacturing platform that allows easy vector generation and yields high-titer purified Ad11 vector. We demonstrate that Ad11 is not hampered by preexisting anti-Ad5 neutralizing activity. Moreover, by using the Ad11 vector, we performed extensive serology testing worldwide with the blood of healthy volunteers and immune-compromised individuals demonstrating low seroprevalence corresponding with low titers. Furthermore, we show that the Ad11 vector infects cells and tissues that are considered important targets for gene therapy or vaccination with high efficiency, in contrast to Ad5. Also, we show that despite high genome homology, cross-neutralization at the antibody level does not seem to occur between the two closely related B2 group Ad11 and Ad35 adenoviruses in the human population, which might allow for heterologous subgroup B vector readministration. Therefore, the results presented warrant further investigations with the Ad11-based adenoviral vector system in vaccination and gene therapy studies.
MATERIALS AND METHODS
Ad11 genome sequence. The human adenovirus Ad11p virus stock was a kind gift from Jan de Jong (University of Rotterdam, Rotterdam, The Netherlands). Wild-type Ad11 virus was propagated on PER.C6 cells and purified as described previously (39) . The nucleotide sequence of wild-type Ad11 was determined via shot-gun sequence technology (Lark Technologies Inc.) essentially as described previously (39) .
Primary cells and cell lines. PER.C6 (8) and PER.C6/55K (39) cells were routinely maintained in Dulbecco's modified Eagle medium supplemented with 10% fetal bovine serum and 10 mM MgCl 2 . Cell lines A549, K562, MCF-7, SK-N-MC, and HS766T were obtained from the American Type Culture Collection and were cultured according to instructions provided with the cell lines. Human saphenous vein smooth muscle cells (SMCs) and human synoviocytes derived from rheumatoid arthritis patients were isolated, cultured, and transduced as described previously (22, 40) . Organ culture experiments with saphenous vein wall segments were performed as described previously (12, 23) .
Immature dendritic cells (imDCs) derived from human peripheral blood mononuclear cells were obtained by Ficoll density gradient separation, and monocyte-derived dendritic cells were purified as described previously (39) .
Ad11 plasmid system and vector generation. In accordance with previously reported Ad5 and Ad35 vector plasmid systems, a similar construction strategy has been applied for Ad11. Briefly, the system consists of a plasmid (pAdApt) containing 5 kb of the left end of the Ad11p genome and a cosmid (Pwe.Ad11.dE3) containing the remainder (31 kb) of the Ad11p genome. Plasmid pAdApt11 contains the Ad11 left inverted terminal repeat (ITR), the packaging signal (wild-type Ad11, nucleotides [nt] 1 to 464), and an expression cassette consisting of the cytomegalovirus promoter linked to a multiple cloning site followed by a simian virus 40 poly(A) transcription termination signal and further containing part of the Ad11 genome corresponding to nt 3400 to 4670 of wild-type Ad11. This latter sequence enables homologous recombination with the Ad11 backbone cosmid in complementing cells. To fully utilize the multiple cloning site, an undesired HindIII restriction site, present in the Ad11-overlapping (nt 3400 to 4670) fragment of pAdApt, was removed by partial HindIII digestion, filling in of the protruding DNA ends, and subsequent religation of the linear vector. In the reciprocal fragment present in the cosmid, this HindIII enzyme restriction site was also removed.
To generate cosmid pWE.Ad11, a 26.6-kb NdeI fragment of the Ad11 genome (nt 6539 to 33164) was cloned into cosmid pWE.dNdeI. In order to generate pWE.Ad11.dNdeI, two fragments including either Ad11.pIX (nt 3400 to 6770) or Ad11.right ITR (nt 33095 to 34794) were obtained by PCR amplification introducing NotI and NdeI sites. Both fragments were digested with NotI and NdeI and simultaneously cloned into the NotI site of pWE15 (Clonetech) in a three-point ligation reaction. Cosmid pWE15 derivates were packaged by using phage packaging extracts (Stratagene). For vaccination purposes, a pWE.Ad11.dE3 cosmid was constructed by generating two PCR fragments (nt 26669 to 27184 and 30568 to 33177) flanking E3, whereby an SrfI enzyme restriction site was artificially introduced for linking both fragments. PCR fragments were digested with StuI-SfrI or SfrI-NdeI and subsequently ligated into StuI-NdeI-digested pWE.Ad11, thereby deleting 3,384 bp of the E3 region of Ad11 (nt 27184 to 30609). Reconstitution of the full-length Ad11 (⌬E1) genome was achieved by homologues recombination via cotransfection of pAdApt11 and pWe.Ad11 (with E3) or pWE.Ad11.dE3 (without E3) in the PER.C6/55K packaging cell line using Lipofectamine.
Upon transfection and cytopathic effect, recombinant Ad11 viruses were plaque purified and further expanded on adherent PER.C6/55K cells. Purified Ad11 vector batches were obtained by cesium chloride (CsCl) gradient centrifugation, and high-performance liquid chromatography virus particle determinations were performed by using previously reported methods (27) .
Ad11 vector tropism studies. Unless indicated otherwise, 10 5 cells of diverse primary origin were seeded in 24-well plates (in triplicate) and incubated with Ad11-enhanced green fluorescent protein (eGFP) by using 500, 2,000, and 5,000 virus particles (vp) per cell. Virus exposure was allowed for 2 h at 37°C, upon which nonattached virus particles were removed via medium replacement. After 48 h, cells were harvested, washed with 1% fetal bovine serum, centrifuged, and resuspended in cell fix prior to fluorescence-activated cell sorter (FACS) analyses. The percentage of cells positive for GFP expression and levels of fluorescence per cell were determined by using FACScalibur (Becton Dickinson) and Cell-Quest Pro software.
Human sera and neutralization assay. Human sera derived from healthy blood donors (ages 20 to 70) from Japan (n ϭ 64), the United States (n ϭ 128), Europe (The Netherlands [n ϭ 55] and the United Kingdom [n ϭ 64]), and sub-Saharan Africa (n ϭ 200) were heat inactivated for 15 min at 56°C. NAb titers against Ad11 and Ad5 were determined by using a recently developed luciferase transgene inhibition detection assay (31) . Briefly, 25 l of heat-inactivated serum was mixed with 75 l of medium and added to well 1 of a 96-well plate. Subsequently, 50 l of well 1 was added to well 2, which already contained 50 l of medium, and so forth until well 11, when 50 l of well 11 was discarded. Well 12 received medium only to serve as a positive control. To this mixture, 5 ϫ 10 6 vp of recombinant adenovirus containing the luciferase reporter gene (Ad11 or Ad5) in a volume of 50 l was added followed by the addition of 100 l ( 10 4 Ad11 vector mouse studies. Groups (n ϭ 5) of 6-to 8-week-old BALB/c mice received either one or two intramuscular injections of 10 10 vp of Ad5.Empty or Ad11.Empty. Immunizations were performed at days 0 and 21 to induce high anti-vector immunity when Ad.Empty vector was injected twice. Control groups (n ϭ 5) received either one or two administrations of phosphate-buffered saline. Induction of the anti-vector humoral response was assessed at day 35 post-vector administration by using a recently described luciferase expression inhibition assay (31) . Also, naïve and preimmunized animals received an intramuscular injection of 10 10 vp of Ad5.Luc or Ad11.Luc 2 weeks after the last Ad.Empty vector administration. Animals were sacrificed 2 days after Ad5.Luc or Ad11.Luc administration, upon which the gastrocnemius muscle of the right leg (injected leg) was homogenized and processed for luciferase luminescence measurements according to manufacturer's instructions (Promega). The gastrocnemius muscle of the left leg served as a negative control.
Nucleotide sequence accession number. The wild-type Ad11 nucleotide sequence has been deposited in the GenBank database under accession number AY598970.
RESULTS

Ad11 virus generation.
The complete nucleotide sequence of the genome of adenovirus serotype 11p was generated and compared with other human adenoviruses, revealing a high homology (Ͼ98% on the DNA level) with Ad35. Major differences were located only in the hypervariable region of the hexon and the fiber knob (Fig. 1A) . The obtained serotype Ad11p sequences were compared with published Ad11 sequences (18, 33) , revealing a number of discrepancies resulting in single amino acid substitutions. Most importantly, the absence of a nucleotide (guanine) at position 32050 (GenBank accession number NC_004001) was identified, resulting in a frame shift in E4orf6/7 in the published sequence. Next, an Ad11 vector plasmid system that allows easy insertion of heterologous genes through manipulation of the pAdApt11 plasmid was generated (Fig. 1B) . As expected, E1-deleted Ad11 vector could not be propagated on Ad5 E1-based packaging cell lines such as PER.C6 cells, indicating that the Ad5 E1 proteins are unable to trans-complement for the deficiency of E1 in Ad11 vectors. Based on the significant amino acid homology within the E1 region of Ad11 and Ad35 (E1B-55K, 99.0%; E1B-19, 99.4%; E1A-11S, 99.1%; E1A-13S, 99.2%), it was expected that E1-deleted Ad11 vectors can be propagated on the PER.C6/55K cell line. The PER.C6/55K cell line has been developed to support the propagation of E1-deleted Ad35 vectors (39) . Thus far, many vector batches of E1-deficient and ⌬E1/⌬E3 Ad11 vector containing different trans- genes have been successfully produced on PER.C6/55K cell cultures. Recombinant Ad11 vectors were purified by using standard CsCl gradient separation (Fig. 1C) resulting in postpurification virus particle yields that are similar to those of Ad5 and Ad35, ranging from 10 11 to 10 12 vp/ml (data not shown). Seroprevalence of Ad11. With the availability of recombinant Ad11 vector, the seroprevalence of serotype Ad11 can be determined with high accuracy and sensitivity by using a recently developed luciferase expression inhibition assay (31) . Results of the seroprevalence of Ad11 and Ad5 in healthy blood donors from diverse geographical regions are shown in Fig. 2A . The data demonstrate that Ad11 is less seroprevalent (range, 18 to 31%) than Ad5 (range, 50 to 90%). Subsequent titration of sera that tested positive (Fig. 2B ) revealed divergence in serum titers for each location demonstrating lower NAb titers (3-to 10-fold compared to Ad5) against Ad11 in Europe, the United States, and Africa but equal titers for Ad11 and Ad5 in Japanese samples. These experiments confirm the low seroprevalence of Ad11 in serum derived from healthy blood donors as reported previously in studies using a wild-type virus replication inhibition assay (39) . Also, these data provide insight into Ad11 seroprevalence in sub-Saharan Africa, an important region in need of vaccines to combat infectious diseases.
Next, heat-inactivated sera from 55 male human immunodeficiency virus-positive (HIV ϩ ) volunteers participating in the Amsterdam cohort studies on AIDS were tested. The first serum sample was taken at a median time of 24 months after HIV type 1 seroconversion or HIV ϩ entry in the cohort, when subjects were immune competent and asymptomatic (median CD4 ϩ -T-cell count, Ͼ400). A second serum sample was collected at a median of 76 months after study entry or seroconversion, when patients were immune compromised and symptomatic (median CD4
ϩ -T-cell count, Ͻ50). At both time points, 52% of the sera contained sufficient antibody activity to neutralize Ad5 Ն90% (Fig. 2C) . In contrast, Ad11 was neutralized at a much lower rate, i.e., in 18.2% (24 months) to 27.8% (72 months) of the serum samples. The observed increase from 18.2 to 27.8% over time in this population was not significant (P ϭ 0.08 by McNemar test) and is within the same range as seroprevalence data obtained from healthy individuals. Likewise, serum neutralization titers obtained in immunecompromised individuals proved similar to those found in healthy human blood donors (Fig. 2D) . Finally, for both Ad5 and Ad11, the seroconversions (those patients who changed from negative to positive) were summarized and divided by the total observation time of those patients with negative serology in order to calculate the incidence. During the study, the incidences per 100 persons per year were 3.3 seroconversions (95% confidence interval, 0.7 to 9.5) for Ad5 and 3.8 seroconversions (95% confidence interval, 1.5 to 7.9) for Ad11.
To investigate whether cross-neutralization between Ad11 and Ad35 is likely to occur within the human population, we surveyed Ad35 and Ad11 coincidence within human serum samples. Seroprevalences for Ad5, Ad11, and Ad35 have been determined from serum samples derived from healthy Japanese, European, and American volunteers and proved to be present in decreasing order, ranging from 39 to 5.1 to 0.9% for Ad5, Ad11, and Ad35, respectively. The low level of coincidence (0.5%) between Ad11 and Ad35 (Fig. 3A) indicates an absence of cross-neutralizing antibodies, which is further strengthened by the complete absence of any correlation in Ad35 and Ad11 serum titers in the tested serum panel (Fig.  3B) . The difference in adenovirus seroprevalence between data shown in Fig. 2A and 3A is due to the usage of different methods, i.e., a replication inhibition assay (Fig. 3A) versus a more sensitive luciferase marker gene inhibition assay ( Fig. 2A) .
Ad11 vector tropism. Ad11 and Ad5 viruses equipped with the eGFP reporter gene were used in head-to-head compari- (39%), Ad35 (0.9%), and Ad11 (5.1%) in 554 serum samples from healthy blood donors in Europe, the United States, and Asia. Samples were tested by using a virus replication inhibition assay as described previously (39) . Percentages of samples that tested positive for combinations of two or three adenovirus serotypes are depicted in the overlapping area of the respective circles corresponding to the particular serotypes. (B) Ad35 and Ad11 neutralizing antibodies in African serum samples (n ϭ 200) detected by using a luciferase-transgene inhibition detection assay. Titers were defined as the first serum dilution that yields Ն90% inhibition of luciferase activity. Titers Ͻ32 were considered negative. Of the 200 serum samples tested, 116 samples were negative for both Ad35 and Ad11 (white circle with black center). Twenty serum samples contained detectable antibody titers against both Ad11 and Ad35, whereby titers against the two viruses were not matched.
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son studies involving a set of human primary cells that are considered important target cells for gene therapy or vaccination approaches (Fig. 4) . A549 cells were transduced in parallel since this cell line proved equally susceptible for Ad5 and Ad11 and thus allowed testing for the quality of the vector batches used. The results obtained identify Ad11 as being superior to Ad5 for transduction of either saphenous vein SMCs, synoviocytes, or imDCs since both the number of GFP-positive cells as well as the level of GFP fluorescence per cell are significantly increased when Ad11 is used. Next, Ad5 and Ad11 vectors were investigated for their ability to transduce endothelial cells lining the vessel wall in ex vivo human saphenous vein cultures. In contrast to Ad5, recombinant Ad11 transduction resulted in the clear presence of LacZ-positive cells at the luminal site of the vessel (Fig. 5A ) that proved to be predominantly endothelial cells (Fig. 5B ). Transduction appears to be localized, which is presumably caused by the local loss of the endothelial cell layer which is inherent to mechanical stress during surgical procedures. In the next series of experiments, a panel of human cancer cell lines was used to investigate whether recombinant Ad11 and recombinant Ad35 have similar or distinctive tropisms. The results, summarized in Table 1 , indicate that Ad11 and Ad35 are equally capable of transducing these cancer cell types from diverse tissues despite major deviations in the amino acid homology of the fiber knob region of the viruses. A clear correlation between the level of transgene expression and expression of the CD46 molecule could not be established.
Bypassing anti-Ad5 preexisting immunity with Ad11 vector.
To analyze Ad11-mediated transduction of a luciferase marker gene in the presence or absence of anti-Ad5 NAb, mice were preimmunized either once or twice by 10 10 vp of Ad5.Empty (n ϭ 10). Serum titers against the vectors were determined 2 weeks post-vector immunization (two administrations) or 4 weeks postimmunization (one administration). In vitro determination of anti-vector neutralizing activity demonstrated that anti-vector immunity rose from moderate (geometric mean titer [GMT], 169 and 441 for 1ϫ Ad5.Empty and 1ϫ Ad11.Empty, respectively) to high (GMT, 2,522 and 3,327 for 2ϫ Ad5.Empty and 2ϫ Ad11.Empty, respectively) but clearly remained adenovirus serotype specific (Fig. 6A and B, respectively) .
Also, 2 weeks after the preimmunization, mice received either Ad5-Luc or Ad11-Luc vectors (10 10 vp intramuscularly). Mice (n ϭ 10) injected with phosphate-buffered saline served as naïve controls. Forty-eight hours after Ad5-Luc or Ad11-Luc vector administration, the efficiency of gene transfer was assessed. The median values of the luciferase activity of the individual groups were compared for low and high levels of preexisting immunity and are depicted in Fig. 6C and D, respectively. In the presence of anti-Ad5 neutralizing activity, gene transfer with Ad5.Luc is severely hampered with both high as well as low anti-Ad5 preexisting immunity (0% remaining luciferase activity in both groups). Likewise, in the presence of anti-Ad11 NAbs, gene transfer with Ad11.Luc is severely hampered at both low and high levels of anti-Ad11 NAb (0 and 1.2%, respectively). Thus, full neutralization of the luciferase vector is obtained in the presence of even moderate levels of anti-vector-specific neutralizing activity in homologous administration regimens. In contrast, when Ad5.Luc is administered to Ad11-preimmunized animals or when Ad11-Luc is administered to Ad5-preimmunized animals, a high level of luciferase marker gene activity could still be measured, irrespective of the level of anti-vector immunity. These results thus show that the Ad11 vector has the ability to deliver a transgene to muscle tissue in the presence of either low-or high-level anti-Ad5 immunity.
DISCUSSION
Preexisting immunity towards Ad5 is considered a major hurdle for Ad5-based gene transfer and vaccination strategies. Therefore, several strategies are being employed to circumvent anti-vector immunity, including (i) the physical shielding of the adenovirus coat (2, 4), (ii) the use of nonhuman adenovirus serotypes (14, 16, 41, 43) , and (iii) the use of rare human serotypes (25, 39) . The shielding of adenoviral capsid proteins is being investigated by encapsulation of the virus capsids with, for instance, poly-lactic-glycolic acid (2) or complexation with poly-L-lysine or lipids (4). Application of nonhuman adenovirus vectors represents a viable strategy since NAbs are not expected to be present in humans, and therefore, this strategy is actively being pursued by using adenovirus derived from diverse species including chimpanzee (41), pig (43) , canine (16) , and ovine (14) . However, current challenges regarding manufacturing capacity and the lack of knowledge regarding nonhuman adenovirus disease association in humans represent parameters that need careful investigation. We have chosen rare human adenovirus types as possible alternatives for Ad5, and it was previously published that Ad35 and Ad11 have low seroprevalence in the human population as determined by use of a replication inhibition assay (39) . As such, a vector based on either Ad11 or Ad35 might allow for accurate dose control since one administered dose should always result in a predictable clinical effect. Here, we have shown that we successfully generated an Ad11 vector system that allows generation of recombinant Ad11 vectors on the PER.C6/55K cell line as easily as that of recombinant Ad5 vector, with consistent high yield and with similar purification profiles. By using the recom- a Cells were seeded at 10 5 cells per ml in 6-well plates and subsequently exposed to 1,000 vp (per cell) of either Ad11 or Ad35 vector carrying eGFP. Forty-eight hours later, cells were harvested, washed, and subjected to FACS analysis. Background fluorescence of each cell population was set at 1% with nontransduced cells. Both the percentage of GFP-positive (GFP ϩ ) cells as well as the median fluorescence per cell are shown. Cell membrane expression of the BC-1 isoform of CD46 was determined by using antibody CD46 (WS IV) clone 122.2 at a 1-in-50 dilution (stock concentration, 2.57 mg/ml). As a negative control, secondary antibody fluorescein isothiocyanate-labeled goat anti-mouse immunoglobulin alone was tested at the same concentration.
binant Ad11 vector, serological and epidemiological studies were initiated which led to the conclusions that (i) Ad11 has a low seroprevalence worldwide compared to Ad5; (ii) Ad11 serum titers are up to 10-fold lower than those of Ad5, in accordance with low seroprevalence, except in serum derived from Japan; (iii) Ad11 seroprevalence and serum titer are similar in immune-compromised patients compared to healthy blood donors; (iv) no evidence was found that could indicate that immune-compromised patients are at higher risk of attracting an Ad11 infection compared to healthy individuals; and (v) in sera from healthy volunteers, no correlation was found for Ad11 and Ad35 coincidence (i.e., cross-neutralization on the level of antibodies is not likely to occur between these closely related adenoviruses). Clearly, results obtained in Japan regarding seroprevalence and titers indicate that more investigations into the epidemiology of Ad11 are required to gain better insight into the biology of this virus and its interaction with human immune defense systems. Likewise, it is currently unknown whether B2 group viruses establish infection mainly through opportunistic infection or whether latent infection can also occur and, if so, what cells or tissues in the human body serve as a virus reservoir (14) . In this respect, the availability of recombinant Ad11 vector might play an important role in elucidating such scientific questions.
Our studies with recombinant Ad11 vector in primary cells, organ culture, and cancer cell lines demonstrate that the Ad11-based vector infects smooth muscle cells, synoviocytes, and dendritic cells, which are important target cells for strategies aimed at treatment of cardiovascular disease (11, 12) and rheumatoid arthritis (38) or ex vivo vaccination (37), with much higher efficiency than Ad5. Given the high divergence in the knob region between Ad11 and Ad35, a difference in tropism could be expected that perhaps also explains differences between Ad11 and Ad35 in their known disease association; i.e., Ad11 frequently causes keratoconjunctivitis whereas, to the best of our knowledge, this has not been reported for Ad35 (13) . Recently, the human membrane cofactor protein CD46 has been identified as a high-affinity receptor for subgroup B viruses including Ad11, Ad35 (9, 24) , and Ad3 (29) . Four isoforms of CD46 have been described (20, 26) , and CD46 is expressed on the surface of all nucleated human cells (17) . At present, it is not known whether only a certain CD46 isoform(s) can function as a high-affinity receptor for B2 adenoviruses or if all CD46 molecules can be utilized. Also, which CD46 isoforms are expressed in diverse cell types, be it either primary or cell line, is at present uncharted, as is their relative abundance on the surface of different human cells. Thus, elucidating the exact usage of CD46 isoforms by Ad11 or Ad35 is a prerequisite to map possible differences in the ability of these viruses to target cells or tissues in vivo or in vitro. The preimmunization studies with Ad5 and Ad11 vectors yielded a model system in mice with anti-vector titers that nicely correlate with the GMT range of neutralizing antibody titers commonly observed in humans.
Although the antibody response proved serotype specific, an inhibitory effect (up to twofold reduction in luciferase activity) was observed in mice treated with Ad11-luciferase following Ad5 preimmunization. This reduction in marker gene expression might be due to either a specific innate immunity via a complement activation mechanism described previously for bacteriophages (30) or, most likely, cross-reactive T cells (36) . The apparent lack of cross-neutralization between Ad11 and Ad35 in sera from human individuals may allow Ad11 and Ad35 readministration strategies, although this clearly needs further investigation, especially at the T-cell level.
The homologous neutralization experiments showed that high-level Ad11-specific neutralizing antibodies against Ad11 vector could be obtained in mice. Therefore, the low seroprevalence observed for Ad11 in the human population is likely not caused by an intrinsic ability of Ad11 to evade a host immune system. The latter finding strengthens our present hypothesis that impaired transmission most likely accounts for the observed low seroprevalence of Ad11, although this needs to be investigated further.
In summary, we have generated a manufacturing platform that allows the easy manufacture of replication-deficient Ad11 vector at high titer. The Ad11 vector displays a superior tropism for a panel of cells of interest for both gene therapy strategies as well as vaccination. Moreover, Ad11 vector has a significantly lower seroprevalence than Ad5 in the human population and is not hampered in its ability to transfer a heterologous gene by the presence of anti-Ad5 neutralizing activity. Collectively, these data thus support the further development of Ad11 as a vector for gene transfer either for the treatment of inherited or congenital diseases or for therapeutic and prophylactic vaccination strategies.
